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NOVEL P-SECRHASE AMD MODUUTION OF f3>SECRETASE ACTIVrTY 

Field o1 the Invpmion 

The present invention concerns a novel P-secretSM, s method of partially purifyino this novel p- 
secretsse, and its use in assays to screen for potential drug candidates against Alzheimer's disease and other 
RauroloQical diseases. 

Description of the Related Art 

A number of important neurological diseases, including Alzheimer's disease (AD), cerebral amyloid 
angiopathy (CAA), and prion-mediated diseases are characterized by the deposition of aggregated proteins, referred to 
amyloid, in the central nervous system (CMS) (for reviews, see Glennsr Btai, J. Neurof. Sci. 94:1-28 [19891; Haan et 
aL CM Neurol. Neumsurg. 92(4}:305-31 Q (19901). These highly insoluble aggregates are composed of nonbranchmg, 
fibrillar proteins with the common characteristic of p-pleated sheet confomiation. In the CNS, amyloid can be present 
in cerebral and meningeal blood vessels (cerebrovascular deposits) and in the brain parenchyma ^plaques). 
Neuropatholooical studies in human and animal models indicate that calls proxsnal to anytoid deposits are disturbed in 
their normat functions IMandyfaur, Acta Nempathol, 78:329-331 [19B9I; Kawai et s/^ Bram Bss, 623:142-146 
119931- Martin et a!^ Am, J, Pathol. 145:1348-1381 11934]; Kalaria et al^ /i/aroreport 6:477480 [1995L- Masfiah et 
al., J, Neurosd 16:5795-5811 [1996}; Salkoe, J. Biol. Oiem, 271:18295-18298 [19961; »brdy, Trenifs Nemsci 
20:154-15911997]). 

AD and CAA share biochemical and neuropathological markers, but differ somewhat in the extent and 
location of amyloid deposits as well as in the symptoms exhibited by affected inifividuais. The neurodegenerative 
process of AD, the most common neurodegenerathre disorder worldwide, is characterized by the progresshre and 
in^eversible deafferentation of the limbic system, association neocortex, and basat forabrain accompanied by nauritic 
plaque and tangle formation (for a review, see T^ry at aL 'Structural alteration in Alzheimer's disease," In: 
Alzheimer's disease, Trary et al. Eds., 1994. pp. 179-196, Raven Press, New York). Dystrophic neurites, as weO as 
raacthre astocytes and microglia, are associated with these amyloid-associated neuritic plaques. Although the nauritic 
population in any given plaques is mixed, the plaques generally are composed of spherical neurites that contain 
synaptic proteins, APP (type I), and fusiform neurites containing cytoskeletal proteins and paired helical filaments 
(PHF; type 111. 

CAA patients display various vascular syndromes, of which the most documented is cerebral 

parenchymal hemorrhage. Cerebral parenchymal hsmon-hage is the result of extensive amyloid deposition within 

cerebral vessels (Hardy. Trends Neurosci 2\i-AUAS% (18971; Haan etal, CIm. Neurol. Neurosurg. 92:305-310 (19901; 

Teny etaL suprv: Viniers. Stroke 18:211-224 (19871; hoh etaL, J. Naurvsargkat Sci. 115:135-141 (19931* Yamada 

etaLJ. Neural. Nervosarg. Psychiatry 56:543-547 [1 9931; Greenberg et al.. Neurology 43:2073-2079 (1 993k Levy et 
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aK Science 248:1124-1126 I1B90D. tn some famitiat CAA cases. demern'M was noted btfore the onset of 
hemorrhages, suggesting the possibility that cerebrovascular amyloid deposits may also interfere with cognitive 
functions. 

Both AD and CAA are characterized by the accumulation of senile plaques in the brains ot the affected 
individuals. The main amyloid componems is the amyloid [3 protein tAp}, also ref ei^red to as amyloid p or p-amyloid 
peptide, derived from proteolytic processing of the p-amyloid precursor protein, (VAPP or simply APP. For review in 
connection with AD see, Selkoe, D.J. Mature 399: A23 A31 (1999). Ap is produced by proteolytic cleavage of an 
integral membrane protein, termed the p-amytoid precursor protein (PAPP). 

The Ap peptide, which is generated from APP by two putative secretases, is present at low levels in the 
normal CMS and blood. Two major variants, Api4o and Api4? are produced by attemativa carboxy-terminal truncation 
of APP ISelkoe et aL (1988) Prvc, Natl, Acad. Sd USA 85:7341-7345; Selkoe (1993) Trends Neorosci 16:403409). 
Api42 fibriltogenic and more abundant of the two peptides in amyloid deposits of both AD end CAA. In 

addition to the amyloid deposits io AD cases described above, most AD cases are also associated with amyloid 
deposition in the vascular walls (Hardy (1997), supm Haan et aL (1990), supm Terry et aL saprar, Vinters (1987), 
suprsr, Itoh, et at (1 993), supra; Yamada et aL (1993); supra; Greenberg et aL (1993), supra; Levy et aL (1 990), s^«). 
These vascular lesions are the hallmark of CAA, which can exist in the absmce of AD. 

The precise mechenisms by which neuritic plaques are formed and the relationship of plaque formation to 
the AD associated. and CAA-assoctated neurodegenerative processes are not weD^efined. However, evidence 
indicates that dysregulated expression andJor processing of APP geftt products or derivathres of these gene products 
ere involved in the pathophysiological process leading to naurodegeneration and plaque formation. For example, 
missense mutations in APP are tightly linked to autosomal dominam forms of AD (Hardy (1994) CSn, Geriatr. Med, 
.10:239>247; Mann et aL (1932) A/emdsgenerarm 1:201-215). The role of APP in neurodegenerathre diseases is 
further implicated by the observation that persons with Down's syndrome who carry an additional copy of the human 
APP (hAPP) gene on their third chromosome 21 show an overexpression of hAPP (Gootfison et al. (1993) / 
NevropathQt. Exp, NeurvL 52:192-198; Oyama, et aL (1994) J, Nearochem, 62:1062-1086) as well as a prominent 
tendency to develop AD-type pathology early in life (Wisniewski et aL (1965)>)/znL Neurel. 17:278-282). Adulations in 
Ap are linked to CAA associated with hereditary cerebral hemorrhage with amyloidosis (Dutch HCKWA) (Levy, et aL 
(1990), supra), in which amyloid deposits prefer emialiy occur in the cerebrovascular wall with some occurrence of 
diffuse plaques (Maat-Schieman et al. (1994) Acta NeuropathoL 88:371-8; Wartendorff et aL (1995) J. Neurol. 
Neurosurg. Psychiatry 58:699-705). A number of hAPP point mutations that are tightly associated with the 
development of familial AD encode amino acid changes close to either side of the Ap peptide (for a review, see, e.g., 
Lannfelt et aL (1994) Bhchem. Soc. Trans. 22:178-179; Clark et aL (1993) Arch. Neurol. 50:1164-1 172L FinaDy, in 
vitro stuifies inificate that aggregated Ap can induce naurodegeneration (see. e.g.. Pike et al. (1995) J. Neumchem, 
64:253-265). 
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APP is a ghrcosrtated, singte-fnembrans-spanninB protein eipressed in a wide variety of cells in niany 
mantmalian tissues. Eiamples of specif tc isotypes of APP which are currently known to exist in humans ars the 695* 
amino acid polypeptide described by Kang at al. (1987} Natm 325:733-736, which is designated as the 'normar 
APP. A 75Vanuno add potypeptida has been described by Ponte et al (1988) Mature 331:525-527 and Tanzi at at 
WBSZ) Nature 331:528-530. A 770-amino acid isotype of APP is described in Kitaguchi «/. {\9BB)murs 331:530- 
532. A number of specific variants of APP have also been described having mutations which can differ in both position 
and phenotype. A general review of such mutations is pivoted in Hardy (19S2) filature Genet, 1:233-235. A mutation 
of particular interest is designated the 'Swedish' mutation where the normal Lys-Met residues at positions 595 and 
596 are replaced by Asn-Leu. This mutation ts located directly upstream of the nonnal p-secretase cleavage site of 
APP, which occurs between residues 596 and 597 of the 695 isotype. 

APP is post-translationally processed by several proteolytic pathways resulting in the secretion of 
various fragments or intracellular fragmentation and degradation. F. Checler. J. Neuroehem, 65:1431-1444 (1995). 
The combined acthrity of p-secretase and ysecretase on APP releases an intact ^-amyloid peptide (Ap), which is a 
major constituent of amyloid plaques. A|3 is an approximately 43 amino acid peptide which comprises residues 597- 
640 of the 695 annino add isotype of APP. Internal cleavage of AP by a a-secretase inhibits the release of the full- 
length Ap peptide. Although the extent of pathogenic involvement of the secretases in AD progression is not fully 
eluddated, these protedytic events are known to either pronrate or inhibit Ap formation, and thus are thought to be 
good therapeutic candidates for AD. 

There are at least two proteases involved in the generation of Ap, referred to as p- and -y-secretases 
(Citron et al^ Naum 1 7:1 71-1 79 [19961* Seuben et aL Nature 361:260-263 11993L* Cai et a!^ Science 259:514-516 
[16931* and Citron et al^ Neuron 14:661-670 (18951). There have been intense efforts in recent years to identify and 
characterize these enzymes. Recently ftve independent groups have reported cbning and characterization of genes 
corresponding to P-secrctase (Vassar et aL Science 2BB: 735-741 [19991; Van et aL Nature 402: 533-537 [19991* 
Sinha et af^ Nature 402: 537-540 [19991; Hussain et aL Mot CeS. Neurvsci. 14: 419-427 [1999k Un et at Ftdc. 
NatL Acad, Sci. USA 97: 1456-1460 (2000D. The enzyme has been variously referred to as P-site APP-cleavtng 
enzyme (6ACE). Aspartyt pnitease-2 (Asp2), memapsin 2 or shnply as p-secretase. However, the deduced amino add 
sequence of the pdypeptids chain reported by all four groups is identical The doned enzyme possesses many of the 
characteristics expected of an authentic p-secretase, such as the presence of conserved aspartyl protease active site 
motif (D[SniG), 8 signal peptide, a transmembrane domain, ability to act upon pAPP, enhanced cleavage of the 
Sweifish mutant of pAPP, and intracellular localization in Golgi, endoplasmic reticulum, endosome/lysosomo 
compartments. Thus, it appears that the newly identified enzyme represents an authentic p-secretase. However, none 
of these reports rule out the possibility of additional enzymes having p-secretase acthrities. There have been 
speodatians about the possible involvenwnt of more than one enzyme entity in P-deavage of APP (e.g., Papastoitsis et 
al. Biodtem. 33: 192-199 [1994]; Koike et al. J. Btochem. 126: 235-242 [1999]; Brown et al J. Neuroc/tem. 66: 
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2436-2445 11996]; CheyaHisr et al. Brain Res. 750: 1M9 [1997]). Eiperiments with ntact CBiti suggested that ^- 
secrelase has an acidic pH Dpiiman (Haass w at J. BU Cfwm. 268: 3021 [1993t Knops et aL J. Bioi. CJtem, 270: 
2419 (19951). Indeed, the newty isolated and characterized P-secretass was found to have a pH optinum at 4.5 
(Vassar eta/^ Science 286: 735-741 [1999]) or 5.0 fSinha et al^ Nattne 402: 537-540 lig99D for Its actrvitY. These 
characteristics are thought to be consistent with p-secretase activity in the endosomes/lysosomes where the pH is 
low. However, p-secretase is also known to function in the endoplasmic reticuhim where the pH is neutral (around 
7.0), an environment not we8 suited for an enzyme having an aciffic pH optimum. It is, therefore, possbte that there 
are more than one p-secretase enzymes involved in the proteolytic cleavage of p-APP. 

The identification, isolation, purification, and characterization of all particrpams in the enzymatic 
claavage of P-APP would permit chemical modeling of a critical event in the pathology of Alzheimer's disease and 
would allow the screening of compounds to determine their ability to inhibit in mo P-secretase activity. For these 
reasons, it would be desirable to isolate, clone and characterize a p-secratase enzyme having a neutral pH preference. 
It would be also desirable to develop e method for the functional cloning of the genes encoding proteins or enzymes 
involved in the proteolytic cleavage of P-APP. It would further be desirable to identify rahibrtors of the p-APP 
processing leading to Ap release, and in partialar to identify molecules that preferenttaity inhibit the P-secretase 
activity having a neutral (pH 6.5-7.0) pH optimum, or the p-secretase activity having an acidic (around pH 4.5) pH 
optimum. 

Summary of the Invention 

The present invention is based on the recognition that more than one distinct enzymatic activities, 
substantially differing in their physicochemical and biological properties, may be involved in Pdeavage of APP, a 
critical event in the generation of the Ap peptide. Of particular significance is a distinct difference in pH optima of 
these psecrctase activities. While a recentiy reponed P-secretase enzyme is optimally active at acidic pH (pH 4.5- 
5.5), the novel Psecretase eizyme identified herein has a neutral (pH 6.5-7.0) pH optimum. 

In one aspect tiie present invention provides e method of identifying a compound characterized by an 
ability to alter psecretase acthrity. The metiiod comprises the steps of contacting a p-secretase enzyme having a pH 
optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kOa as calculated from radiation 
inactivaiion analysis of HEK293 ceil membrane ertracts, or about 20-26 kDa as calculated from radiation inacthration 
analysis of human brain samples, with a candidate compound; and monitoring the effect of the cendidate compound on 
the activity of the P-secretase enzyme. 

In a specific embodiment, the Psecretase enzyme is contacted with the candidate compound in the 
prasencB of a P-amyloid precursor protein (APP). APP preferably is tha human 695-8mino acid isotype. and may 
contain the so cafied ^Swedish" mutation, located directly upstream of the normal P-secretase cleavage site of APP. 
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The p-secretase enzyme i»ed in the assay may be m Isolated, immobilized or cdl bound form, and the assay ts 
preferably is performed with a plurality of candklate compounds. 

tn a particular embodiment, the ability of a caniEdate compound to alter f3>secret8se activity is monrtored 
by determining the amount of an APP proteolytic product, such as (BNTF. 

In another specific emboifimenl the ^secreiase enzyme having a quasi-neutral pH preference is 
contacted with the candidate compoundls) tn the additional presence of a further p-secretase enzyme having a pH 
optimum at about pH 4.5-5.0 and an estimated molecular weight of about 50-60 kDa as calculated from radiation 
inactivation analysis of t{EK293 cell membrane extracts or human brain samples. 

The assay is preferably used to identify inhibitors of P-secretase activity. A preferred group of such 
inhibitors preferentially inhibits the activity of the (J-secretase enzyme having a pH optiimim at about pH 6.5-7.0. 

In another aspect the invention concerns a method for identifying a compound characterized by an ability 
to alter APP/p-secretase activity. The method comprises the steps of: contacting an APP/p-secretase mixture, 
isolated from membranes obtained from cells expressing APP and a p-secretase. with a candidate compound; and 
monitoring the effect of the candidate compound on p-secretasa activity, wherein the APP/p-secretase mixture 
comprises a P-secretase enzyme having a pH optimum at about pH 6.5-7.0. In a preferred embodimaot. the p-secretase 
enzyme has an estimated molecular weight of about 32-39 kDa or 20-26 kOa in HEK293 cell membrane extract and 
human brain samples, respectively, as calculated from radiation inactivation analysis. The method may be performed in 
the additional presence of a second p-secretase enzyme having a pH optimum at about 4.5-5, and an estimated 
molecular weight of about 50-60 kOa as calculated from radiation inactivation analysis of HEK293 cell membrane 
extracts or human brain samples. Also provided ere inhibitors of P-secretase enzyme activity, identified by the 
aforementioned method, which, in a preferred embodiment, preferentially inhibit the activity of the first or the second 
p-secretase enzyme. 

In a particular embodiment, the method involves monitoring the effect of a test compound on p-secretase 
activity by determining levels of APP proteolytic products, particularly after removing the beckground levels of APP 
proteolytic products. The tevels of APP proteolytic products can, for example, be determined using an antibody that 
recognizes a p-secretasa produced APP proteolytic product. Thus, an antibody that selectively recognizes p-NTF, such 
as pAb AF-2Q, may be used for the purpose. In a variant of this method, the APP/p-secretase mixture ts exposed, 
before addition of the test compound, to en agent that alters p-secretase activity or stabilizes the detectable p- 
secretasfrproduced APP proteolytic products. In a preferred embodiment, the agent enhances the level of p-secretase 
activity. Suiteble agems inchide phospholipids, such as cardiolipia L-a-phosphatidytserine or L-a phosphatidylinosrtoL 

In yet another aspect, the present invemion provides a method of identifying e compound characterized 

by the ability to alter APP P-secretase activity. The method comprises the steps of: providing membranes from ceils 

upressing APP and a P-secretass; removing background levels of APP p-secretase proteolytic products from the 

membranes; isolating APP/p-secretase mixtures from the membranes; contacting the APP/p-secretase mixtures with a 
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test compound; and determining levels of APP p-secretase proteolytic products; wherein the APP/p-seaetese mixture 
comprises a |3-secrei3se enzyme having a pH optimum at about pH 6.5-7.0. and the level of APP proteolytic prodacts is 
indicative of the effect of the compound on m vivo p-secretase acthrity. Inhibitors of (S-secretase enzyme acthrity 
identified by the method are also within the scope of the invention. In a preferred embodiment, the fVsecretase enzyme 
has an estimated molecular weight of about 32-39 kDa or 20-26 kOa in HEK293 cefi membrane extract and human 
brain samples, respectivety, as calculated from radiation inacthration analysis. Optionally, the method is performed in 
the presence of a second p-secretase enzyme having a pH optimum at about 4.5-5.0. In a preferred embodiment the 
second [3-secretase enzyme has an estimated molecular weight of about 50-60 kDa as calculated from radiation 
inactivation analysis of HEK293 cell membrane extracts or human brain samples. Also provided are inhOiitors of p- 
secretase enzyme activity, identified by the aforementioned method, which in a preferred embodiment, preferentially 
inhAit the activity of the first or the second p-secretase enzyme. 

The effect of the candidate compound may be determined, for example, relative to a control APPfp- 
secretase mixture which is not in contact with the compound. In a specific embodiment, the APP/p-iecretase mixture 
is pretreated so as to alter, particulerty to enhance, p-secretase activity. A phospholipid such as cerdioGpm, L-a- 
phosphatidylserine or L-a-phosphatidylinosrtol may. for example, be used for this purpose. 

In a different aspect, the present invention provides a method for reducing p-amytoid plaque fomiation in 
a subiect, comprising admmistertng a compound detemiined to inhibit p-secretase activity by a method of the 
invention, in an amount sufficient to reduce in vivo APP psecretase acthrity. Inhibition may result in decreased levels 
of IV-temunal proteolysis of APP which is reflected in reduced release of p-amyloid peptide in brain tissue. In a 
preferred embodiment, the level of p-secretase activity is reduced to 30- 80% below normal, end/or the level of p- 
amyloid release is reduced to 20-80% of normal. The compound may preferentially inhOiit the acthrity of a P-secretase 
enzyme having a pH optimum at about pK 6.5-7.D or a p-secretase enzyme having a pH optimum at about pH 4.5-5.0. 
In a preferred embodiment, the subject is e mammal, preferably a human particularly suffering from or predisposed to 
or prone lo neurodegenerative disorders such as Alzheimer's disease or cerebral amyloid angiopathy. 

In a still further aspect, the present invention concerns en isolated p-secretase enzyme having a pH 
optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-33 kOa as calculated from radiation 
inactivation analysis of ffEK293 cell membrane extracts, or about 20-26 kDa as calculated from radiation inacthration 
analysis of human brain samples. 

In another aspect, the invention concerns an APPip-secretase mixture comprising a p-secretase enzyme 
having a pH optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kDa or 20-26 kDa as 
calculated from ratfiation inactivation analysts of HEK293 cell membrane extracts and human brain samples, 
respectively. The mixture may further comprise a Psecretase enzyme having a pH optimum at about pH 4.5-5.0 and an 
estimated molecular weight of about 50-60 kOa as calculated from radiation inactivation analysis of HEK293 cell 
membrane extracts or human brain samples. 
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Brref Description of the Drawmos 

Rgure 1 is 8 schenutic diagram Hlustrating the method of detecting p-secretase activity using an ELtSA. 
Rgure 2 is a graph showing Enear response of endogenous |3-secretase cleavage proihjct, PNTF. in the 

assay. 

Figure 3 shows endogenous p-secretase activity as a function of incubation time. 

Figure 4 iUustrates the effect of cardiolipin and the inhibition of p-secretase activity by the serine 
protease inhibitor, AEBSF IPefabtoc). Rg. 4A shows the differences in measured p-secretase activity, white Fig. 4B 
shows the percentage inhOiition of p-secretase acthnty. 

Figure 5 shows chromatographic separation of the APP751sw substrate and the endogenous p-secratase 
activity on Mono Q cohimn. 

Figure 6 shovirs pH profile of P-secretase activity in enzymeisubstrate complei (A) or tn partially purified 
fraction obtained from mono Q column and reconstituted with APP (B). 

Figure 7 shows elution profiles of p-seaetase activities measured at pH 4.5 and 6.5. 

Figure 8 shows the effect of the addition of purified recombinant BACE or partially purified p-sacretase 
<as described in Example 7) on p-sscretase activity present in APP/P-secretase complex (as desatbed in Example 6) 
monitored at pH 4.5 and pH 6.5. 

Figure 9 shows the effect of StatVal inhibitor on P-secretase activity monitored at pH 6.5 (A) or pH 4.5 

(B). 

Figure 10 shows the effect of StatVal inhOiitor on p-secretase acthrity at pH 4.5 and pH 6.5. 

Figure 1 1 shows determination of molecular weight of a protein responsible for p-secretase acthrity at 
pH 4.0 (A) and at pH 7.0 (B) in HEK293 cell membrane extract by radiation inacthration analysis. 

Figure 12 shows detemiination of molecular weight of a protein responsible for P-secretase activity at 
pH 7.0 (A) and at pH 4.0 (B) in human brain extract by radiation inactivation analysts. 

DetaHfid Description of Preferred Embodiments 

The present invention discloses a novel enymatic activity thai prefers a quasi-neutrel (pH 6.5-7.0) 
environment for proteolysis of PAPP subsuate. This activity will be shortly referred to as 'neutral" or 'pH 6.5' P- 
secretase activrty. The present invention further discloses a method of partial purification of this novel p-secretase 
ectivity, and its separation from the eariier reported p-secretase activity that is optimally active at acidic pH (pH 4.5- 
5.5K also referred to as 'acidic" or 'pH 4.5' activity. 

The invention also discloses various ways of distinguishing between the two activities. For example, 
insensitivity of the neutral p-secretase activity to StatVal inhS)itor sets it apart from the acidic pH-dependent p- 
secretase that is inhibited by this compound. The data disclosed herein also show tiiat addithin of the purified 
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recombinant BACE only stimulates "pH 4.5* activity with rro effect on "pH 6.5* activitr. Conversely, the addition of 
partially purified novel neutral fpH G.5'1 activity only stimulates 'pH 6.5' activtty but not 'pH 4.5* activitv. 

FtnaHy, the data presented herein show that the estimated primary molecular mass of the protein 
responsible for the neutral P-secretase activity in human 293 cells is approianalely 35.3 kDa as determined by the 
irradiation inactivation approach. This is significantly different from the predicted primary (i.e. devoid of secondary 
post-transtattonal modifications) molecular weight of 51 kOa as reported for mature recombinant BACE [Vassar Bt a!^ 
Science 286: 735-741 [1999D. It is also different from the mass of approximately 57.9 kDa as estimated for 
endogenous BACE using the same irradiation inactivation method. Similarly, a significant difference m the estimated 
molecular mass was observed, using the same experimental approach, between p-secretase activities differing in their 
pH optima in human brain derived samples. Thus the present invention ifisctoses a distinct novel P-secretase activity. 

The assays of the present invention pave a way for screening of modulators, preferably inhibitors, of p- 
secretase activity and for the identification of potential drugs for Alzheimer's disease. Muhrpte P-secretase activities 
may be involved in the processing of PAPP in order to operate P-Amyloid (Ap) peptide, the aggregation and 
extracellular deposition of which in the brain is a hallmark of Alzheimer's disease pathology. Therefore, any 
therapeutic strategy evohred to prevent or halt the deposition of these plaques in Alzheimer's patients should take into 
accoum the activities of various p-secretases. A novel protease with enzymatic characteristics of p-secretase as 
disclosed herein provides yet another target for screening of compounds to identify potential drug candidates for tha 
treatment or prevention of Alzheimer's disease and otho neurodegenerative disorders. 

I. OERNITtONS 

Before the present assays are described, it is to be understood that this invention is not limited to 
particular methodology described, as such may, of course, vary. It is also to be understood that the terminology used 
herein is lor the purpose of describing particular embodiments only, and is not intended to be limiting, since the scope 
of the present invention will be limited only by the appended claims. 

linless defined otherwise, all technical and sciemific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to which this invention pertains. Although any methods and 
materials similar or equivalent to those described herein can be used in the practice or testing of the present tnvention, 
the preferred methods and materials are now described. All publications memioned herein are incorporated herein by 
reference to disclose and describe the methods and.'or materials in connection with which the publications are cited. 

The publications discussed herein are provided solely for their (Ssclosure prior to the filing date of the 
present application. Nothing herein is to be construed as an admission that the present invention is not entitled to 
antedate such publication by virtue of prior invention. Further, the dates of publication provided may be different from 
the actual publication dates which may need to be independently confirmed. 
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As used herein, "P-amytoid precursor protein* (APP or pAPP) refers to a polypeptide that is encoded by a 
gene of the same name tocaltied in humans on the long arm of chromosome 21 and that includes a p-amyioid protain 
region within its carboxyl region. 

The term 'p-amyloid protein' (A0) as used herein refers to all p-amyloid proteins inchjding approximately 
43 amino acid peptide which comprises residues 597-640 of the 695 amino acid tsotype of APP. p-amyloid proteins 
of the invention include any protein containing about 40 to about 44 amino acids which preferably comprises residues 
597-640 of the 695 amino acid tsotype APP, Ap,43 or Ap,42 (Se&oe et aL, supral. Within this disclosure the term 
amytoid protein is intended to include the two major Ap variants referred to herein end the 55 amino acid segments 
including amino acids 640-695 of the 695 amino acids isotype of APP. After this disclosure others will, perhaps, 
discover other p-amyloid proteins and as such as intended to come within the scope of the present invention. 

The term "APP secretase/ 'secretase' and 'secretase activity' as us«t interchangeabty herein refers to 
any proteolytic enzyme and/or acthrity wtuch results in the secretion of various fragments or intracellular 
fragmentation end degradation of APP. This includes a-sacretasa* p-secretase, ysecretase. and any similar but as of 
yet unidentified enzymes which cause the proteolysis of either APP or ApL 

The term "p-secretase" and 'p-sacretase activity" as used interchangeably herein refers to the enzyme 
or enzymes responsBile for proteolysis of APP at the N-t^minal cleavaoe site of APP, which occurs between residues 
596 and 597 and at residues 605 and 606 of the 695 isotype of APP. 

The term *APP/p-seaetase miiture' as used herein n\m to the isolated APP and p-secretase as a 
complex and/or as a mixture of the two substances. 

The term 'Alzheimer's (fisease' (abbreviated herein as 'AD') as used herein refers to a coniStion 
associated with formation of neuritic plaques comprising p-amyloid protein primarily in the hippocampus and cerebral 
cortex, as well as impairment in both teaming and memory. 'AIT as used herein is meant to encompass both AD as 
well as AD-type pathologies. 

The term *AD-type pathology* as used herein refers to a combination of CNS alterations including, but 
not limited to, formation of neuritic plaquss containing P-amyloid protein in the hippocampus and cerebral cortex. Such 
AD-type pathologies can indude, but are not necessarily limited to, disorders associated with aberrant expression 
and/or deposition of APP, overexpression of APP, expression of aberrant APP gene products, and other phenomena 
associated with AD. Exemplary AD-type pathologies include, but are not necessarily linvted to, AD-type pathologies 
associated with Down's syndrome that is associated with overexpression of APP. 

The term 'phenomenon associated with Alzheimer's disease' as used herein refers to a structural, 
molecular, or fimctiooal event associated with AD, particularty such an event that is reaifily assessable in an animal 
model. Such evems include, but are not limited to, amyloid deposition, neuropathologicat developments, learning and 
memory deficits, and other AD assodated characteristics. 



wo 00/69262 



PCT/US0On3074 



The term "cerebral anylcud angiopathy' Ubbrevtaied herein as CAA) as used harein refers to a condition 
associated with formation of amyloid deposition within cerebral vessels which can be coniplicated by cer^ral 
parenchymd hemorrhaBe. CAA is also associated with increased risk of stroke as well as development of cerebellar 
and subarachnoid hemorrhages (Vinters (1987) Stroke 18:311-324; ffaan et aL (1394) Dementia 5:210-213; Itoh. et 
aL (1993}./. /Itos/. Set. 116:135414). CAA can also be associated with dementia prior to onset of hemonhages. 
The vascular amyloid deposits associated with CAA can exist in the absence of AO. but are more frequently associated 
with AO. 

The term "phenomenon associated with cerebral amyloid angiopathy* as used herein refers to a 
molecular, structural, or functional event associated with CAA, particularly such an event that is readily assessable in 
an animal model Such events inchide, but are not limited to, amyloid deposition, cerebral parenchymal hemorrhage, 
and other CAA-assodated characteristics. 

The term *p>amyloid deposit' as used herein refers to a deposit in the brain composed of Ap as well as 
other substances. 

By 'antibody* is meant an immunoglobulin protein which is capable of binifing an antigen. Antibody as 
used h^n is meant to inchide the entire antibody as well as any antibody fragments (e.g., FfAb'),, Fab', Fab, Fv) 
capable of binding the epitope, antigen or antigenic fragment of interest. 

Antibodies of the invention are immunoreactive or immunospecific for and therefore specifically and 
selecthrely bind specific proteolytic products of the APP protein. Antibodies for each proteolrtic product are preferably 
immunospecific - Le., not substantially aoss-reactive with other proteotytic products of APP. Although the term 
"antibody' encompasses all types of antibodies both polyclonal and monoclonal antibodies, and produced using a 
peptide antigen. 

By 'purified antibody' is meant one which is suf Hciently free of other proteins, carbohydrates, and lipids 
with which rt is naturally associated. Such an antibody "preferentially binds' to a proteolytic APP protein product (or 
an antigenic fragment thereof). Le., does not substentialty recognize and bind to other antigmically unretated 
molecules. A purified antibody of the invention is preferably immunoreactive with and immunospecific for a particular 
APP protein product le.g.. pNTF) end more preferably will not react with other APP protein products. 

By 'entigenic fragment' of an APP proteolytic product is meant a portion of such a protein which is 
capable of binding an antibody used in the assay of the invention. 

By 'binds specifically' is meant high evidity and/or high affinity binding of an antibody to a specific 

polypeptide, le.. epitope of a APP protein product. Antibody binding to its epitope on this specific polypeptide is 

preferably stronger than binding of the same antibody to any other epitope, particularly those which may be present in 

molecules in association with, or in the same sample, as the specific polypeptide of interest, e.g.. binds more strongly 

to APP protein product than other epitopes so that by adjusting binding condiiions the antibody binds almost 

exclushrely to the APP protein product. Antibodies which bind specif icatly to a polypeptide of interest may be capable 

of binding other polypeptides at a weak, yet detectable, level (e.g.. 10% or less of the binding shown to the 
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polypeptide of interest). Such weak binifing, or background binding, is readily discernible from the specific antibody 
binding to the compound on polypeptide of interest e.g., by use of appropriate controls. In general, antibodies of the 
invention bind to a particular APR protein product with a binding affinity of 10' moles/liter or more, preferably 10' 
mole/liters or more. In genera), an antibody with a binding affinty of 10' moles/titer or less is not useful in that it w9l 
not bind antigen at a detectable level using conventional methodology currently used. 

By 'detectabty labeled antibody' or 'detectabty labeled anti pNTr is meant an antibody tor antibody 
fragment which retains binding specificityh having an attached detectable label The detectable label is normally 
attached by chemical conjugation, but where the label is a polypeptide, it could altemativety be attached by genetic 
engineering techniques. Methods for production of detectably labeled proteins are well known in the art Detectable 
labels may be selected from a variety of such labels known in the art. but normally are radioisotopes, f luorophores. 
paramagnetic labels, enzymes (e.g., horseradish peroxidase), or other moieties or compounds which dther emit a 
detectable signal {e.g., radioactivity, fluorescence, color) or emit a detectable signal after exposure of the label to its 
substrate. Various detectable labei/substrate pairs ie.g., horseradish peroxidase/diaminobenzidine. avidin/streptavidin, 
tuciferase/lucrf erin). methods for labeling antibodies, and methods for using labeled antibodies are weD known in the art 
Isee. for example. Harlow and Lane, eds. {Antibodies: A laboratory AfAm»/{1988} Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY). 

The term 'compound' as used herein descrSies any molecule, 0.g^ protein, naturally occurring 
substances, synthesized protein or small molecule pharmaceuticai, with the capability of affecting secretase acthrity. 
Such compounds may be used to treat the molecular and clinical phenomena associated with amyloid-associated 
disorders, and specifically AD, CAA and prion medicated disorder. 

By 'effective dose' or 'amoum effective' is meant an administration of a compound sufficient to provide 
the desired physiological and/or psychological change. T>)is will vary depending on the patient the disease and the 
treatment The dose may either be a therapeutic dose, in which case it should sufficiently alter levels of amyloid 
plaques in the subject to alleviate or ameliorate the symptoms of the disorder or condition, or a prophylactic dose, 
which should be sufficient to prevent eccumulation of amyloid plaques to an undesirable level. The terms 'treatment' 
"treating* and the like are used herein to generally mean obtaining a desired pharmacologic and/or physiologic effect 
The effect may be prophylactic in terms of completely or partially preventing a disease or symptom thereof andfor may 
be therapeutic in terms of a partial or complete cure for a disease and/or adverse effect attributable to the disease. 
Treatment' as used herein covers any treatment of a disease in a mammal, particularly a human, and includes: 

(a) preventing the diseese from occurring in a subject which may be predisposed to the disease 

but has not yet been diagnosed as having it 

fl}} inhibiting the disease, i.e.. arresting its development; or 

(c) relieving the disease, i.e.. causing regression of the disease. 
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The thsrapsuttc agents that can be identified using the assay of the invention are particularly useful in the treatment 
of any disease associated with the deposition of |3-amyloid. including AD, hereditary cerebral hemorrhage with 
emyloidosis, and prion-mediated disorders, and the filte. 

The terms "neutral' and *pH 6.5* (Vsecretase activity are used interchangeably and refer to a 
polypeptide of about 32-39 U)a as determined by radiation inactivation analysis of HEK293 cell membrane extracts 
and 20-26 kDa as determined by ratfiation inactivation analysis of human brain samples, having the abi&iy to cleave 
pAPP, and having a pf4 optimum of about 6.5-7.0. Similarly, the terms *acidic" and "pH 4.5" [Vsecretase activity are 
used interchangeably and refer to a polypeptida of about 50-60 kDa as determined by radiation inactivation analysis of 
ffEK293 cell membrane extracts or human brain samples, having the abifity to cleave PAPP, and having a pH optimum 
of about 4.5-5.5. 

The term 'elter' and grammatical variants thereof, when used in connection with the assays of the 
present invention, include any and all modiftcattons, such as inhibition or enhancement of p-secretase activity. 

The term 'preferentially inhibits', end grammatical variants thereof, are used to refer to a molecule that 
exhibits a h^her inhibitory activity towards a particular ("preferred*) p-secretase en2yme than towards another ("less 
preferred") p-secretase enzyme. The ratio of the 'referred" and 'less preferred" P-secretase inhibitory activities is 
preferably at least about 1.5. more preferably at least about 10. even more preferably at least about 2.5. 

II. GENERAL ASSAY METHODOLOGY 

The present invention provides an assay method for Identifying modulators (enhancers or, preferably, 
mhtbitors) of P-secretase enzymatic activity. The method is based on screening for modulators (enhancers or 
inhibitors) of a novel 'neutrar p-sacretase activity. The novel P-secretase. in isolated, immobilized or cell bound form, 
is contacted with a candidate compound, or a plurality of candidate compounds, and those candidates are selected 
that have the ability to alter, preferably inhibit, the biological activity of the new 'neutrel* p-secretase. While the 
effect of a candidate compound on psecretase activity is preferably detected by monitoring its ability to alter (e.g. 
inhibit) psecretase mediated cleavage of APP, any other read-out of p-secretase activity is equally suitable. Both cell 
based and cell-free assays are specifically within the scope of the invention. Candidate compounds which provide 
significam inhibition, usually at least about 25%, preferably at least about 50%, more preferably at least about 75%, 
most preferably at least about 90% inhtbttion. and often at least about 95% inhibition, are considered P-secretase 
inhibitors. 

In s preferred embodiment, the present invention provides an assay methodology for determining 
compounds which can have en effect on (preferably reduce) APP proteolytic products using membrane-enzyme 
mixtures, as well as methods of preparation of the mixtures used in such assays. Such compounds can be used in the 
treatment of patients, particularly humans, with amyloid-associated disorders. The assay involves contacting APP/p 
secretase as individual components or as a mixture or complex with a test compound and thereafter determining the 
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ieve) of APP proteolrtic products, and particularty 3NTF. tf the compound reduces the level of APP proteolytic 
products, as compared with a previousty known standard then the compound is a canifidate for the treatm&it of 
patient's with amyloid-associated ifisorders. The APP and ^secretasa which are contacted with the compound can be 
both isolated from ceB membranes obtained from ceils eipressing both APP and p-secretase or can be isolated from 
cells eipressing either APP or p-secretase and then combined together. Atlematively, APP and/or p-secretase may be 
partially or fully synthesized fay traditional chemical synthesis and/or recombinant DNA technology, tn a special 
emboifiment* cells engineered to recombinantly express APP andfor one or more p-secretases can be usel 

Before the membranes are used in the assays, background levels of APP proteolytic products may be 
r^oved. This step could be eliminated by precisely detemiining the level of APP proteolytic products in a known call 
culture of cells expressing APP. Thereaft? the known level can be adjusted for in the assay, i.e^ increases or 
decreases relative to the known background level could be detennined by subtracting away the known background 
level. In order to perform the assay in this manner, it would, of course, be necessary to obtain cell membranes from a 
statistically significant number of recombinant cells which express 8 known level o1 APP and thereafter determining 
the background level of APP proteolytic products present in the membranes of these cells. 

In one aspect of the invention there is a disclosed method of identifying a compound charactarizad fay its 
ability to attar P-secretase acthnty. The method comprises the steps of (1) contacting APP/p-secretase mixture 
isolated from membranes obtained from cells, from which background levels of APP proteolytic products have been 
removed, with a test compound; and (2) datermining levels of APP proteolytic products following contact with the test 
compound, wherein the levels of APP proteolytic products are indicative of the effect of the compound onmvfvoP' 
sacretase activity. 

An assay method for determining compounds that affect APP P-secretase activity is disclosed which 
comprises: (1) preparation of APP and p-secretase from ceil membranes prepared from cells expressing APP and P- 
secretase; (2) treatment of the APPip-secretase with a candidate compound in vhnr. and (3) determining the effect of 
the compound on p-secretase ecthrity by measuring the leveb of APP proteolytic products. It is preferable to run the 
assay against a control e.o., where no compound is added to the APP/p-secretase mixture andlor where any carrier 
added with the test compound is added to a culture to determine if a carrier alone affects APP proteolysis. 

Compounds found to affect p-secretase activity, e.g., either inhibit or enhance secretasa activity, can be 
further assayed in transgenic mice. Compounds which test positive in the assay of the invention can be used in the 
treatment of amyloid assoctated disorders such as AD and CAA. 

Also descr&ed is a method of reducing the level of p-amytoid plaque in the brain tissue of a mammalian 
host by administering a compound which inhibits p-secretase as identified in the assay described above. Prophylactic 
use of such compounds is also contemplated for individuals at risk for Alzheimer's disease such as the elderly and/or 
individuab carrying known mutations linked to this ifisorder. Individuals treated may not presently exhibit symptoms 
but have been subjected to head and neuronal vauma. 
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Membrane Preparation and Isolation of APP/B-Secretase Miiture 

The membrane preparations of the invention are prepared to allow access of the endogenous or 
siogenous APP protein with p-secretase isolated from membrane preparations. Membrane preparations used in the 
assay of the invention can be homogenized using techniques available to those skilled in the art such as douncing, use 
of a medianical tissue homogenizer. needle shearing, and use of a ball-bearing tissue honuigenizer. Generally, cells of 
interest. e.g^ primary glial ceils, mammafian cells expressing endogenous or exogenous human APP, human 293 cells, 
and the like are isolated and disrupted in a manner to preserve the 3-secretase activity. The ceQs used for the 
membrane preparation may be freshly obtained, e.g., isolated from a patient sample, from a cultured systm e.g., an 
immortal cdl line, or ceils present in long-term storege, e^ celis stored at -70^0. Once the membranes have been 
isolated, they may be used (firactly in the assay or stored at -70*^C. 

Once a crude ceH membrane preparation has been generated, the membranes are treated with a mild 
detergent to remove baclcground levels of APP p-secretase proteolytic products (pNTF). An exemplary deta^ent for 
use with the presentfy described assay include 0.02-0.05% saponin. Following treatment with the mild detergent, the 
P2 membrane is solubilized with a stronger detergent such as 0.3% Titron X-100 or 0.3% Triton X-100 (reduced 
form). 

Once solubilized, tite APP/p-secretase mixture is partially purified. It can be purified using any method 
known in the aa but is prefnably purified using chromatography. e.g., Q-KP Sapharose chromatography. Othv 
techniques that may be used inchjde, but are not limited to, anion exchange chromatographies such as DEAE and 
OMAL 

Optionally, before addition of a test compound, the APP/p-secretase mixture is exposed to an agent that 
alters p-secretase activity and/or stabifizes the detectable APP proteolytic products of p-secretase. In a preferred 
embo(fiment the agent enhances the level of f3-secretase activity in order to allow for improved detection of alterations 
in p-secretase activity. Exemplary agents for this use include phospholipids such as cardiolipin. L-a phosphatidylserine 
and L-a phosphatidyiinositol. Other agents affecting p-secretase activity can be used in the present invention as weU, 
as will be obvious to one skilled in the art upon reading this disclosure. 

Detection of Proteohrtic Products Following Treatment of APP/B-Secretase Mixture 

Following incubation of the APP/p-secrstasa mixture with the test compound, the preparation is assayed for 
levels of p-secretase proteolytic products of APP, e.g., pNTF. Oetection of the APP p-secretase proteolytic products 
can be accompfished using any of a number of methods to determine the absence or presence or altered amounts of the 
differentially expressed polypeptide in the test sample. For example, detection can utilize staining of the APP/p- 
secretase mixture with labeled antibodies, performed in accordance with conventional methods. In general antibodies 
that specificaUy bind a differentially expressed polypeptide of the invention are added to a sample, and incubated for a 
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^ period of time sufficient to allow binding to the epitope, usually at least about 3D minutes. The antibody can be 

detectably labeled lor direct detection (e.g.. using radioisotopes, enzymes, f tuorescers. chemihiminescers, and the like), 
or can be used in conjunction with a second stage antibody or reagent to detect bindmg (e.g., biotin with horseradish 
peroxidase-corqugated avidin. a secondary antibody conjugated to a fhiorescent compound, e.g.» fluorescein, 
10 5 rhodamine. Texas Red, etc). The absence or presence of antibody binding can be determined by various methods, 

including flow cytometry of ifissociated cells, microscopy, radiography, scintillation counting, etc Any suitable 
ahemative method of qualitative or quantitative detection of levels or amounts of differentially expressed potypeptide 
can be used, for example western blot, immunoprecipitation, radioimmunoassay, etc 

In a preferred embodiment an enzyme^nked tmrnunosor bent assay (ELISA) is used to detect the presence of 
10 the APP/3-secretase proteolytic product, pNTF. Quantitation of multiple samples can be made more time efficient by 
running the assay in an ELISA format in which different potemial agents are tested agamst cell membrane preparations 
and rapid quantitation is accomplished by spectrophotometric or cotorimetric detection. For example, the presence of a 
relatively low amount of PNTF indicates a decrease in ^-secretase actWity. Such changes in the level of APP 
proteolytic peptide products can hiemify lead compounds for further study in the treatment of amytoid^ssociated 
15 disorders. 

25 

IIL COMPOUNDS OF THE INVENTION 

Compounds of the invention encompass numerous chemical classes, tnchtding but not limited to the 

compounds described herein with known function. Novel methods are provided which employ compounds that are 

30 20 effective in altering P-secretase acthrity levels. Compounds found to inhibit or enhance ^-secretase acthrrty can be 

further assayed in transgenic mice to determine additional physiological effects and potential of the compound as a 

therapeutic agent (Moran et at Proc. Natt. Acat!. Sa USA 92: 5341-5345 [19951: Games et al. IVature 373; 523-527 

[19951: Haiso et al. Science 274: 99-102 [1 996]). Compounds which test positive can be used in a specific method 

of treatment of the invention described below. 

25 Candidate compounds can be obtained from a vride variety of sources including libraries of symhetic or 

natural compounds. For example, numerous means are avaBable for random and directed synthesis of a wide variety of 

organic compounds and biomolecules. including expression of randomized oligonucleotides end oligopeptides. 

Aitemativety, libraries of natural compounds in the form of bacterial, fungal, plant and animal extracts are available or 

readily produced. Additionally, natural or synthetically produced Obraries and compounds are readily modified through 

30 conventional chemical physical and btochemical means, and may be used to produce combinatorial libraries. Known 

pharraacotogical compounds may be subjected to directed or random chemical modifications, such as acylation, 

atkylation. esterification, amidif ication, etc. to produce structural analogs. 

Compounds for use in the method of invention may be small organic compounds having a molecular weight of 

more than 50 mil less than about 2,500 daltons. Candidate compounds comprise functional groups necessary for 

50 35 structural interaction with proteins, particularly hydrogen bonding, and typically include at least an amine, carbonyl, 
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hydroiyi or carboxyl group, preferably at least two of the funciiona) chemical groups. The candidate compounds often 
comprise cyclical carbon or heterocyclic structures and/or aromatic or potyaromatic structures substituted with one or 
more of the above functional groups. Candidate compounds are also found among btomoleculese including, but not 
Kmited to: peptides, saccharides, fatly acids, steroids, purines, pyrimidines, deriyatives, structural analogs or 
combinations thereof. 

IV. METHODS OF TREATMEhH* USING COMPOUNDS OF THE INVENTION 

The method of treatment is a method of reducing the level of [^amyloid plaque in the brain tissue of a 
mammalian host by administering a compound which showed positive results in the assay described above. In general, 
such compounds will reduce the level of ^amyloid plaque in brain tissue by affecting in vivo tsvels of (^-secretase. 
Therapeutic effects may be seen, for exampla, by compounds that tnhdiit or decrease p-secretase activity. 
Prophylactic use is also contemplated for individuats at risk for Alzheimer's disease such as the elderly and/or 
individuals carrying known mutations linked to this disorder, individuals treated may not presently exhibit symptoms 
but have been subjected to head and neuronal trauma. 

In the subject methods, the compound may be administered to the host using any convenient means capable 
of resulting in the desired target protein activity modulation. Thus, the compound can be incorporated into a variety of 
formulations for therapeutic administration. More particularly, the compounds of the present invention can be 
formulated into pharmaceuticsl compositions by combination with appropriate, pharmaceuticalty acceptable carriers or 
dihients, and may be formulated imo preparations in soCd, semi-solid, Oquid or gaseous forms, such as tablets, 
capsules, powders, granules, ointments, sohitions, transdermal patches, suppositories, injections, inhalants and 
aerosols. 

As such, administration of the compounds can be achieved in various ways, inctudmg oral buccal, rectal, 
parenteral, mtraperitoneal, intravaginal, intradermal, transdermal, intratracheal, etc., administration. 

In pharmaceutical dosage forms, the compounds may be administered in the form of their pharmaceutically 
acceptable salts, or they may abo be used alone or in appropriate association, as well as in combination, with other 
pharmaceuticafly active compounds. The following methods and excipients are merely exemplary and are in no way 
limit ing. 

For oral preparations, the compounds can be used alone or in combtnation with appropriate additives to make 
tableu, powders, granules or capsules. Examples of additives are conventional additives, such as lactose, mannitol. 
com starch or potato starch; binders, such as crystalline caltutose, cellulose derhrattves, acacia, com starch or gelatins; 
disintegrators, such as com starch, potato starch or sodium carboxymethylcetlulose; lubricants, such as talc or 
magnesium stearate; and if desired, diluents, buffering agents, moistening agents, preservatives and flavoring agents. 

The compounds of (he invention can be formulated into preparations for injection by dissolving, suspending or 

emulsifyiRg them in an aqueous or nonaqueous solvent, such as vegetable or other similar oils, synthetic aliphatic acid 

glycerides, esters of higher aliphatic acids or propylene glycol. If desired, conventional additives such as solubilizers, 
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isotonic agents, suspending agents, emubifying agents, stabilizers and pres^atives may also be added. The 
concentration of therapeuticalty active compound in the formulation may vary from about 0.5-100 wt. %. 

The compounds can be utilized m aerosol formtdation to be administered via inhalation. The compounds of 
the presait invention can be formulated into pressurized acceptable propeQants such as dichlorodifluoromethane. 
propane, nitrogen and the like. 

Furthermore, the compounds can be made into suppositories by miiing with a variety of bases such as 
emulsifying bases or water-soluble bases. The compounds of the present invention can be administered rectally via a 
suppository. The suppository can include vehicles such as cocoa butter, carbowazes and polyethylene glycols, which 
melt Bt body temperature, yet are solidified at room temperature. 

Unit dosage forms for oral or rectal administration such as syrups, elixirs, and suspensions may be provided 
wheron each dosage unit fe.g., a teaspoonfut tablespoonful, tablet or suppository) contains a predetermined amount 
of tha composition containing one or more inhibitors. Simitariy. unit dosage forms for irtjection or intravenous 
administration may comprise the inhibitoris) in a composition as a solution in sterSe water, normal saline or another 
pharmaceuticalty acc^table carrier. 

The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or diluents, are readily 
available to the public. Moreover, pharmaceuticalty acceptable auxOiary substances, such as pH adjusting and 
buffering agents, tonicity adjusting agents, stabilizers, wetting agents and the like, are readily available to the public. 

The compounds are administered to a host in a physiologicaQy acceptable carrier, at a dosage from 5 mg to 
1400 mg, more usually from 100 mg to 1000 mg, preferably 500 mg to 700 mg for a dose of 0.5 to 20 mg/kg weight 
The dosage for compounds altering secretase activity is elected so that the secretase activity is aftered by 10 to 60%, 
more preferably 20 to 70% and even more preferably 25-50%. 

EXAMPliS 

The following examples are set forth so as to provide those of ordinary skill in the art with a complete 
disclosure and description of how to make and use the present invention, and are not intended to limit the scope of 
what the inventors regard as their invention nor are they intended to represent that the experiments below are all or 
the only experiments performed. Efforts have been made to ensure accuracy with respect to numbers used (e.g., 
amounts, tOTiperatura, etc) but some experimental errors and deviations should be accounted for. Unless indicated 
otherwise, parts are parts by weight, molecular weight is weight average molecular weight, temperature is in degrees 
Centigrade, and pressure is at or near atmospheric. 

EXAMPLE 1: Membrane preparation protocol 

Membrane preparations for APP/ -secretase substrate mixtures were generated from human embryonic kidney 
293 eels (HEJC2931 expressing the 751 form of APP cerrying the "Sweifish* AD mutation (293/75 Isw). For other 
purposes such as following or purifying -secretase activity, membrane extracts were made from naive HEK293 cells. 
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This protocol can atso be used lor all other celt types, e.g. Chirtese hamster ovary cells expressing an eiogenous human 
APP gene (CH0-695APP). Cells were stored as celt pellets at -SO" C until used for the preparation. 

Approximately 70-100 gram of c^s fwet weight) were routinely used to generate 50*100 mis ot enzyme 
substrate complsximtxture from rrttmbrane eitncts. The cells were thawed and were resuspended through different 
iterations in a total volume of 12-15 x voUgram wet weight of TE/IX protease inhibitor cocktail (PtCI buffer {20 mM 
Tris-HCI/5 mM EDTA pH 8.5 (TE) with IX PIC (IX PIC: 10 »iM leupeptin, 1 ^M aprotinin and 1 pepstatin. 
Boehringer Mannheim). Initially, the pellet was resuspended in * 6-9 i vol/gram wet weight and homogenized using a 
tissumizer (IKA Labortechnik. Staufen, Germany) at medium setting for three times one minute with intermittent 
cooling on ice. The homogsnate was then distributed into different 50 ml Falcon tubes and was centrifuged for ID 
minutes at 1500 rpm in a table centrifuge (Sorvall) at 4° C. After the centrifugatton. the supernatant corresponding to 
a PNS (postnuclear supernatant) was carefully removed and pooled into a fresh tube, tn order to avoid disturbing the 
relatively loose pellets approximately 10 ml ot material were left in each tube including the pellet that contained 
unbroken cells and nudeL The pellet and remaining supernatant was pooled and resuspended in the remainder of the 
homogenization buffer. The suspension was then subjected to another round of homogenization with the tissumizer 
followed by centrifugation and supernatant collection as dascribed above. The resulting PNS was pooled with the 
previously saved material. If deemed necessary, an additional round of homogenization was included or the previously 
centrifuged material was spun again to recover all the supernatant effioently. The membranes were then recovered by 
centrifugation of the pooled PNS at 28,000 rpm (' 65^000 x g) in a Ti45 rotor (Beckman. Pahi Aho, CA) for 3040 min 
at 4*'C and the supernatant was poured off carefully after the centrifugation. 

EXAMPL£ 2: Detergent wash of membrane preparation 

Membrane preparations as prepared in Example 1 are treated with a m3d detergent to reduce, preferably to 
undetectable levels, background APP proteolytic products. The membrane peflet was resuspended sequentially in a 
total of 12 X voligram wet weight of TE/IX PIC in the presence of a final concentration of 0.02% saponin (added from 
a 0.5K saponin stock solution made in distilled water). The pellet was homogenized on ice by 13-18 strokes in a 
Kontes glass tissue homogenizer with a tight pestle (0.013-0.14 mm clearance). Treatment with the mild detergent 
saponin permeabiiizes the membranes and thus releases tumenal soluble proteins, hi particular, this preferably reduces* 
to undetectable levels, any background APP proteolytic products, such as P-NTF. Following homogenization of the 
membranes on ice, the suspension was centrifuged in a Ti45 rotor at 26,000 rpm ('65,000 x g) for 3040 minutes. 
The saponin extract containing -NTF was stored at -80** C until it was further purified over a Q-HP column (similarly 
to the membrane extract described below) and the resulting fractions containing -NTF were aliquoted and stored at • 
80" C for use as a standard. The pellet after the saponin extraction was resuspended again in TE/IX PIC, 0.02% 
saponin and treated as described, and this step was repeated until the membranes were washed in a total of 12 x 
vol/gram ceD paste. 
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FoUowin^ the saponin extraction, the final membrane peUet (P2 pellet) was routinely frozen at -80** C until 
further use. When need^ the htaen P2 pellet was thawed and resuspended in TE/1X PIC. Triton X10O R was added 
to a final coacentration of 0.3% and the suspension was dounced on ice at least 12 timss in a Kontes glass tissue 
homogenaer with a tight pestte (0.013-0.14 mm clearance). After the material had been suspended wbU« tha sotution 
was centrifuBBd at 32,000 rpm (* 100,000 x g) for 45-60 minutes at 4* C. The solubilized membrane supernatant 
was cotlacted. and the pellet discarded. The solufailizad Triton XI 00 extract was then filtered through a D.45 ^ 
bottle-top filter to remove insoluble material (Schleicher & SchQII) and was partially purified on a 25 ml Q-HP 
Sepharose column (Pharmacia, Stamford, CT) in the following mann^. 

EXAMPLE 3: Partial purification of the APP/p-Secretase mixture 

The detergent-treated membrane preparations of Example 2 are partially purified using a Q-HP Sepharose 
chromatography column (Pharmacia, Stamford, CT). The Q-HP column was equilibrated with 5-10 column volisnes 
(CVs) of equilibration buffer 120 mM Tris/EOTA pH 8.5. 0.05% Triton X100-R1 and the extract was loaded at 5 
mi/minutes. The cohimn was then washed with 5 CVs of eipiilibration buffer to remove non-specificalty bound 
proteins. Protons including APP and secretase were eluted from the cohjmn with a linear graifient from 0-1M NaCI in 
equilibration buffer {Tt 0.05% Triton X100-R] over 5 CVs and '8 ml fractions were collected. 1 x PIC was added to 
tha collection tubes prior to the run. 

Following elution, the column was washed well with 1M NaCirTE buffer, and 0.5N NaOH with intermrttent 
rinses in distilM water and was then re-equilibrated and stored at 4* C until future use. For long-term usage, the 
cohrnin was further washed with 20% ethanol/water and stored therein. 

The total protein concentration for each sample was determined using e BCA protein test (Pierce, Rockford, 
III. and a protein profile was also determined for the rinses and the elution. Altemativety, protein was followed with a 
UV monitor. Samples were run on an SOS-polyacrylamide gel for Western Blot analysis, and blotted with pAb369, an 
antibody which recognizes the C-terminus of APP (Gouras et al. fl/at/, Acad, Sci USA 97: 1202-1205 (20001). 
The saponin extract of washes was also bloned to analyze the piVTF using AF-20 series antibodies or equivalent. 
pNTFspecific antibodies were generated against the neoephope produced by |3-seaetase deavage of APP. 
Spedficatly a peptide to the neoepitope (ICIISEVNL) based on the Sweifish APP seqimnce was symhesized, conjugated 
to a protein carrier via the N temiinal cysteine on the peptide, and used to immunize rabbits acceding to standard 
procedures. The resulting antiserum was afftmty purified using the peptide immunogen. 

Individual fractions were then assayed for the presence of APP using an EllSA as well as for the presence of 
-secretase using the native substrate assay as described in Examples 4 and 6. Fractions containing APP and • 
secretase as determined by Western blotting (see ebove) or by EUSA (Examples 4 and 6) were pooled as APP/3- 
secretase comptex/imxture, abquoted and stored at -SOT for future use. 
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EXAMPU 4: ELISA assay using partiafly purified APP/p-Secretase miiturB 

The p-secreiBse ELISA assays were perlormed as per the scheme in Figuie 1. Each well of a 96 well plate 
containing a flat bouom Oiigh pfotein binding. Corning. NY) was coated wHh 100 of the monoclonal capture 
antibody BE5 (at "8-10 ^ig/mD IJohnson-Wood et al Froc. Natl. Acad, Sd. USA 94: 1550-1555 119971). The plate 
was then covered with parafibn and incubated overnight at 4* C or alternatively for 2 hours at 37° C. Followtng 
incubation, any excess liquid was removed, wetis blottad dry and incubated with 150 ^1 of blocking buffer (0.1% 
BSA/PBS) per well at 37* C or room temperature for 1-2 hours. 

The partiaDy purified APP/3-Sscretase complex solution (10 or 20 ^l) was placed either in 1.5 ml 
microfuge tube or 9S-well assay plate, and covered well with the cap or parafiim respectivety. A solution containing 
the compound of interest was added to the APP/p-secretase mixture, followed by the addition of assay buffer (50 mM 
potassium phosphate, 5 mM EDTA, 0.02% Triton X-IOO. pH 6.51 to a final volume of 100 Ml- Cardioiipin can be added 
to improve the signal (see Example S) and the assay can tolerate up to 2% DMSO when testing compounds solubOized 
in DMSO. WhHe this example descries the standard reaction conditions at pN 6.5. the assay was also routinely 
performed at a different pH, in particular at pH 7.0 or pH 4.5. The reaction samples were incubated at 37°C for 6-18 
houn and were then stopped by placing the samples at •20°C. This reaction can be carried out for imdtiple potemial 
compounds simultaneously to provide a high throughput method of screening multiple candidate therapeutic agents. 

After removing blocking buffer, the coated plates were blot dried. To one set of wells, different volumes 
(e.g. 0, 0.5. 1. Z 4. 8, and 10 ^l) of the Saponin wash from the membrane preparation were added. These were 
(filuted to a final vohmte of 100 fil with dihjtion buffer and served to establish the linearity of the assay (typically in 
the 00 450 nm range from 0.06 to 1.2) (Figure 2). The measurement of P-NTF was found to vary linearly with the 
amoum of incubation time in the assay (Figure 3). 

To another set of remaining wells, 50 fil > P-secretase reaction perfonned in the presence of a particular 
compound or combination of compounds was added, followed by the addition of dihition buffer (50 ^1) to make up the 
volume to 1D0 Miiwetl. The ELISA plate was incubated at room temperature for 1-2 hours. Following incubation, the 
plate was washed three tmes with 200 ^l of Wash Buffer (50 mM Tris HCi pff 7.5. 150 mM NaCI. 0.05% Tween-20}, 
and blot dried. AhernativeiY. PBS. 0.05% Tween-20 can be used as wash buffer. One hundred fil of 1:5000 dilution of 
the affinity purified ami- -NTF AF-«0 antibodies in Antibody/Conjugate Buffer [PBS. 2% BSA. 0.05% TwBen.20| was 
then added to each well and the plate incubated at room temperature for 1 hour. The plate was again washed three 
times with wash buffer, and excess liquid was removed between washes. 

One hundred fil of a 1:5000 dilution of a goat ami rabbit IgG-HRP in Antibody-Conjugate Buffer was then 
added to each weH and the plate Incubated at room temperature for one hour. After the secondary antibody 
incubation, the plate was washed three times with wash buffer. One hundred ^l of TMB/H^O] (Sigma) that had been 
brought to room temperature during the previous incubation was then added to each well. During the development of 
5-20 minutes, the plate was cov^ with aluminum foil and stored in the dark. After sufficient blue color had 
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devetopsd. the reactions were stopped by adding 100 of 5N HiSOi to each well and the amount of NTF was 
determinad by reading the ptate at 450 ran in a Softmax spectrophotometer. 

EXAMPLE 5: Inhibition of P-secretase activity by AE6SF 

Ihe abSity of the broad spectnmi irreversible serine protease inhibitor AEBSF to inhibit ^-secretase activity 
was tested using the methods of the inveniloQ. AEBSF has been implicated as an inhibitor of p-secretase activity (M. 
Citron et al, Nemvn 17:171-179 (1896)), and so was a pronnsing candidate to test using the method of the invention. 

Twenty ^1 of the APP/p-secretase mixture produced using the method described in Examples 1-3 was (filuted 
1:4 in 80 ^1 assay buffer [50 mM potassium phosphate, 5 mM EDTA« 0.02% Triton X-100, at pH 7.01 CardioBpin 
was assessed in the assay over a concentration range from 0.0M0O ^M. To assess the effects of an inhibitor, 
AEBSF (Pefabtoc) was added at concentrations varying from 0 mM to 10 mM. The samples were incubated at 37'*C 
for 16 hours, and the leva) of P-secretase activity was determined using the ELISA assay of Example 4. 

The presence of cardioiipin in the assay buffer provided a dose-dependent increase in the datectabte levels of 
p-secretase activity (Fig. 4A]. The AEBSF (Pefabloc) exhibited dose-dependent p-secretase inhibition using standard 
assay conditions (Fig. 461. These results show that 1) the assay of the invention allows for detectable decrease in P- 
SBcretase activity upon exposure to a known inhibitor, end 2) the detectable decrease is more dramatic with the 
addition of a compound such as cardioiipin that increases P-secretase acthrity. This is particolarfy useful in the 
detection of compounds that have more subtle effects on the activity of p-secretase. 

The potent, irreversible, membrane permeam active site serine hydrolase inhibitor, diisopropyl 
fhiorophosphate (DFP) did not inhibit the activity of the neutral p-secratase acthrity. Indeed, at high concentrations of 
the inhibitor. P-MTF production was enhanced by pre-treatment of the extracted enzyme with OFP. The bihibitory 
effect of modification of an activated serine residue is either directly or indirectly involved in the catalytic mechanism 
of p-NTF production fay the neutral P-seaetase. 

EXAMPLE 6: -secretase activity and APP assay 

The fractions obtained during the purification of -secretase and/or APP substrate as described in Example 3 
were assayed in the following manner. The assay consists of two different parts, an incubation or reaction phase to 
generate -NTF and an EUSA pan to capture and measure the •^^'F generated by -secretase. The ELISA was carried 
out essentially as described in Example 4. 

After the column had been run, the reaction ptate was set up to measure -secretase activity in the following 
manner using a 96 well plate with a conical bottom (Coming, NY). Of each fraction. 10 or 20 was added to 90 or 
BO \i\ of assay buffer (50 mM potassium phosphate. pH 6.5. 5 mM EDTA, 0.02% Triton X100-R. 10 cardioiipin) 
so that the total reaction volume was 100 ^l. While this example describes the standard reaction conditions at pH 
6.5. the assay was also routinely performed at a different pH. in particular at pH 4.5 (see belowl. In the case of naTve 
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HEK293 cells that were not transfected with APP751sw or tf -secretase was followed in fractions devoid of 
substrate, exogenous APP751sw (prepared as described in Example 7) was also added to the reactions. Half of the 
reaction was then transferred to a new 9B weQ plate. Both plates were tightly sealed using an Ahiminiuni plate sea! 
(Becfcman) to avoid excess evaporation of the reaction mix. One of the plates was then placed overnight at -20" C for 
the control reaction during which time the other plate was incubated in a 37* C incubator. 

In the meantime, the corresponding plates for the EUSA assay were set up as desaibed earlier in Example 4. 
The next morning, after the reaction plates had bran incubated for 15-16 hours, the 2T C plate was placed at -20* C 
to stop the reaction. The EUSA plate that had been coated overnight was then blotted dry and incubated with 150 }il 
of blocking buffer (G.1% BSA/PBS) per weQ at 37" C or room temperature for 1-2 hours. When the EUSA plates were 
blocked, the reaction plates were removed from -20" C and thawed for the actual EUSA. The bkwking solution was 
removed from the EUSA plate and tte plate was btotted dry and then washed once with Wash Buffer (PBS, 0.05% 
Tween-201. Excess wash buffer was removed and the plate blotted dry. Different volumes of Saponin wash were 
used to establish a linear response curve for as described in Example 4. For the reactions* 30 ^1 from each weB 
of the reaction plates incubated either at -20" C or 37' C. respectively, were added to the EUSA weBs. Reaction 
samples were diluted with 70 pi of dilution buffer [PBS, 0.02% Triton X100-R, 0.3%-6% BSA) and then incubated at 
room temperature for BO-BO minutes. After this incubation, excess liquid was discarded and the wells were waslwd 3- 
4 times with wash buffer. The rest of the steps in the EUSA were carried out as described in Example 4 to determine 
the amount of pNTF generated as a result of p-secretase acthrity. 

To determine the substrate (APP) levels in these fractions, eitfwr 10 )il of the -20* C reaction mix or 10 pJ 
from the fractions directly were added onto EUSA wells coated with the 6E5 antibody and blocked as described above. 
The samples were diluted with 90 ^1 dilution buffer and the EUSA was performed basically as described above except 
that the detection system was slightly different APP was detected using a primary btotinylated monoclonal 2H3 
antibody at a dihition of 1:2000 Uohnson-Wood et aL Pfoc. Nati Acad. Set. USA 94: 1550-1555 (1997]), foDowed by 
a streptavidin-HRP conjugete (Zymed) used at 1 :5000. 

EXAMPLE 7: Generation of partially puriHed APP751SW substrate for the measurement of -Secretase activity in the 
absence of endogenous substrate 

In the previous example, we described the generation of secretase/APP enzyme substrate complex. In order 
to be ebte to foDow and purify -secretase from celts such as naive HEK293 or CHO ceDs or from brain extracts, we 
need to reconstitute the activity by adding back exogenous APP substrate to individual samples such as fractions from 
a column purification step. We thus developed e pertial purification approach that allowed us to obtain APP751sw 
substrate devoid of endogenous -secretase activity as measured at pH 8.5. APP751sw was expressed and purified 
from transiently transfected HEK293T cells. Transient transfection of APPTSIsw improved the separation since a 
sigraficantly higher ratio of substrate to enzyme could be obtained. Cells were transiently transfected in roller bottles 
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by a transfeclton method recnnmended by the manufactuer using FuGene 6 (Boehringer Mannheim). The celts were 
harvested and the equtvaient of ' 5-10 gms of cell paste was subjected to detergent extraction using the protocol 
described in Examples 1,2, and 3 with the corresponding buffer volumes. The detergent extract was separated on a 1 
ml Q- HP Sepharose column, and as observed when preparing APP/ -secratasa complex as described in Examples 1,2, 
and 3, both secretase and APP751sw were initially found to co-fractionate on this cohimn. The APPTSIsw 
containing fractions were than pooled and the pool was diluted '8-10 fold with equ&bratbn buffer [20 mM Tris/EOTA 
pH 8.5, 0.05% Triton XIOO-R] to reduce the salt from the previous chromatography step. The material was then 
loaded onto a Mono Q column that had been equilibrated. Non-specificslly bound proteins were washed with 10 CVs 
of equilibration buffer and proteins were eluted with a 15 CV linear gradient from 0-1 M f\l3CI in equilibration buffer. 
Again, fractions were analyzed for the presence of APP751sw as descried in Example 6. The -secretase activitY was 
determined at pH 6.5 and the protocol was very similar to what is described in Example 6 except that additional, 
exogenous APP751sw substrate from a previous preparation was added to each of the reactions. This wes necessary 
since otherwise -secretase would not have been detectable in fractions that were very limited in APP751sw substrate 
(Bgure 5). As shown in Figure 5, the mono Q step allowed the separation of the APP75Uw substrate from the bulk of 
the endogenous -secretase as measured at pH 6.5. Based on this procedure, we have routinely obtained APP751sw 
at concenuations of * 4-6 ^g/mi and use ' 3-8 ^ per reaction to determine the -secretase activitY what substrate 
needs to be added back to the reaction mixture. The -secretase activity devoid of substrate from ths column 
(compare Figure 5t was also pooled for additional experiments (see Example 9). 

EXAMPLE 8: Identification and separation of two -Secretase activities tiiat operate at dif ferem pH 

We investigated tiie pH profile of the -Secretase activity in the nathre substrate assay in two ways. In titese 
expersnents, vra first measured the pH profite of the APP/ -secretase complex that was prepared as described in 
Examples 1,Z and 3. Second, we evaluated the pH profSe of secretase that had been further separated from the 
APP751SW substrate on mono Q when edded back and tiius reconstituted with its substrate (see Example 7). 

In tite first experiment, the enrymeisubstrate complex was incubated overnight as described above under 
dif ferem pH conditions (phosphate buffer, containing 10 ^M cardiolipin and 0.02% Triton XIOO-R) ranging from pH 
4.0 to pH 8.0. After tiie incubation, all samples w»e neutralized and then bound to tiie ELISA plate and -NTF was 
determined as described above. As shown in Figure 6A, tiie eniyme/substrate complex had a pH optimum of " pH 6.0 
to pH 63 under titese conditions. This profile was relatively broad and significant activity was detected down to pH 
4.5 and even es low as pH 4.0. These results suggested a rather heterogenous mixture of potentially more than one • 
secretase acthnty. 

When we reconstituted the -secretase pool that had been separated via the additional mono 0 step with 
exogenous APP751sw substrate (compare Eiampie 7), we saw e more pronounced activity optimum at pH 6.0/pH 6.5 
(Figure 68). This suggested that the more neutral activity had been separated further on the mono Q column from the 
tower pH activity that was more significant in the starting material (Rgure 6A). 
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Taken together, these results clearly suggest the presence of two distinct -secretase activities in HEK293 
membranes, one that operates preferentially at a more neutral pH (pH 6.0-6.5) and another that seems to favor a more 
acidic pH. 

In order to clarify the existence of these two distinct activhies, we separated them by anion-exchange 
chromatography. NaTve HEK293 cells were homogenized and extracted as described in Examples 1,Z and 3 except at 
a smaller scale. 30 gms of HEK293 call paste was processed and the volumes of homogenization. washes and 
extractions were adjusted accordingly. The detergent extract was then loaded onto a 5 ml Q-HP Sepharose cohann 
and non-spedficaily bound proteins were washed with 10 CVs of equilibration buffer. Proteins were eluted from the 
column using a shallower gradient es that described in Example 3 to improve the separation between the two 
activities. Proteins were eluted in 12 CVs of a 0-1 M NaCI gradient in equilibration buffer and the resulting fractions 
were measured for -secretase activity using the native substrate assay at both pH 4.5 and pH 6.5 On phosphate buffer 
as descr&ed above}. These cells did not contain any endogenous APP75l5w substrate and thus each reaction was 
supplemented with substrate (obtained as described in Example 7). As shown in Figure 7. two distinct elution profiles 
were cteariy visible. The activity operating preferentially at pH 4.5 was thus distinct and could be separated from that 
active at pH 6.5. We thus have provided evidence that there are two distinct -secrstasa entities with differential pH 
profiles. 

EXAfMPLE 9: Two separate activities contribute to (3-SBcretasB activity in membrane extracts 

BACE Fc fusion protein was expressed in f4EK293EBNA cells and purified bastcally as described (Vassar et 
aLSckncB 285:735 119991). Cell supamatants from BACE transfected or mock-treated cells were purified on Protein 
A Sepharose end eluates were first diluted with PBS and then concentrated *10 fold in a Millipore micro-concentrator. 
5 to 10 ^l of BACE fusion proteia mock eluate or partially purified -secretase (from Example 7) were added to 10 ^l 
of enzyme/substrate complex {prepared as desaibed in Examples 1,2, and 3} and -secretase activity was measured at 
either pH 4.5 or pH 6.5. Two effects became apparent in this experiment. First, addition of different amounts of 
BACE fas opposed to mock-purified material) clearly enhanced the -secretase acttvity measured at pH 4.5 but not at 
pH E.5 (Figure 8). Thus. BACE did not contribute significantly to the pH 6.5 acthrity that appeared to be more 
prominent in the complex preparations (compare complex alone at both pHs). Second, addition of partially purified 
neutral -secreiase activity from the mono Q column (compare Example 7). cleariy enhanced -secretase activity at pH 
6.5 as expected but not at pH 4.5 (Figure 6). Thus, these data underiine that the neutral activity is different from 
BACE. 

in cottciusion, these data are consistent with the above results (Example 8) and provide independent evidence 
about the existence of distinct -secretase activities in HEK293 cells. One activity preferentially acts at low pH and 
most Gkeiy represents BACE or a BACE-relatad protein while the other activity appears distinct irom BACE and 
operates at a more physiological pH. 
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EXAMPLE 10: Oiffsrentiai effect of StaiVal inhibitor on low versus neutral pH activity 

We used the statine substrate analog inhibitor (statVal) that targets BACE (Sinha et al^ Nature 402. 
537-540. 1999) to determinB its effect on the different -secrstase activities described in Example 8. Two different 
samples were analyzed in the presence of the statVal inhibitor in the native substrate assay (Example 6-9). First the 
enzyroeisubstrate complex that contained APP751sw and second, the different pK pools separated from naive 
HEK2S3 celts that lacked the APP751sw substrate f Example 81. The assay was performed in both pH 4.5 and pH 6.5 
reaction buffers and in the case of the pH pools, exogenous APP751sw substrate was supplememsd in the reactions 
(Examples 6-9). 

The StatVal inhibitor wes added from a IQx stock at a final concentration of 20 to 0 using 
threefold serial dilutions. Given the good solubBity of the peptide inhibitor, all serial drhitions generating the different 
lOx stocks were done in potassium phosphate reaction buff^. pH 6.5. in the absence of cardiolipin. The reactions and 
the EUSA were performed as described. Figure 9A and B show response curves from statVal inhibition experiments 
performed in either pH 6.5 or pH 4.5 reaction buffers, respective. Both the enzyme/substrate complex (complex) as 
weQ as the reconstituted reaction (pH 4.5 pool) showed a pronounced parallel inhibition profile in the pH 4.5 reaction 
with an IC50 of 6.6 (Figure 9B). bi contrast the pH 6.5 reaction was not significantly affected in either 
enzymefsubstrate complex or the reconstituted reaction (Figure 9A). Only at 20 |iM, did we see some modarate 
effects but the tC50 for inhauting the neutrel activity was deariy 20 )iM. Figure 10 shows the same effect on 
enzyme/substrate complex treated with the statine inhibitor between 10 fiM and 0 ^M in either pH 4.5 or pH 6.5 
reaction buffer (complex pH 4.5 versus complex pH 6.51 Again, as s»n m Figure 9. the statVal inhibttor (fiscriminated 
against the two activrtres that had been detected and separated as descr&ed in Exemi^ 8. 

Thus, we provided additional evidence that thesa different -secretase activities are indeed distinct 
entities. They are separable eccording to their elution behavior from Q-HP Sepharose (Example 8) and they apparently 
show differential inhibition by the statVal inhibitor that was shown to target and bind BACE (Sinha etai. Nature 
537 S40, 1993). Thus, the pH 6.5 or neutral -secretase activity can be distinguished from BACE by two different 
criteria. 

EXAMPLE 1 1: Determination of Molecular Weight of ^Secretase with pH optima at 4.5 or 6.5 

It is possible to determine the molecular weight of a protein mediating a specific biological function using 
radation inactivation (Kemper Altai. Bhchm. 276: 113 {19991; Kemper Trends in Btodteai Sa\ 18: 236 [19931). 
With radiation target analysis, biologically active samples are exposed at low tonperature to high energy electrons. 
This ionizing radiation causes gross structural damage in the macromolecuie and function is destroyed. The larger the 
mass of the protein, the more likely it will be destroyed. Determination of surviving ectraity after increasing radiation 
exposure permits estimates of the mass of the protein structure needed for the measured function since the rate of 
change is directly dependent on the mass. Only the primary molecular weight not the secondary modifications, of a 
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protein responsible for an activity is measured bv radiation inactivation. This calculated estimate is independent of 
other protein molecules, hence, the protein of interest need not be pure: size estsnates have been routinely made in 
intact c^ts, tissues or crude samples. 

The molecular weight of the protein responsible lor the activity at neutral pH present in the HEIC293 human 
kidney fibroblasts membrane complex was estimated. HEK233 membranes were altqtjoted into individual vials, frozen 
to -130'C, and the altquots were subject to 12 different radiation doses, ranging from approximatelY 1 to 140 Mrad. 
High energy 10 MeV electrons were generated by a linear accelerator. After irradiation, the 12 vials containing the 
frozen irradiated HEK-293 membranes (6 mgfml protein) were opened and purged with compressed nitrogen. 
Membranes were thawed at room temperature and centrifuged at 14,000 rpm in a microcentrifuge for 25 minutes at 
4*C. Triton X-100 membrane protein extractions were made basically as outlined in Example 1-3. Supernatants were 
aspirated and the membrane pellets were resuspsnded and rehomogenized in Extraction Buffer (Q.3% Triton X-100 
{reduced), 20 mM Tris, 5 mM EOTA, pH 8.5). Samples were shaken for 2 hours at 4'C. followed by another 14,000 
rpm centrifugation for 25 minutes at 4* C. Supernatants (protein extracts) were removed and assayed for protein 
concentration. Sample extracts were stored at -80 * C. The sample extracts ware thawed and diluted in Extraction 
Buffer to the desired stock protein concentration. These were then further diluted 1 to 20 in Complete Assay Buffer 
(0.02% Triton X-100 (reduced), 305 mM KjHPQ^. 195 mM KH^PQ,, 5 mM EDTA. pH 7J), 10 ^ cardioGpin (Avanti 
Polar Lipids). Forty ^ was added to each wall of a SO-w^ mtcraplate (Costar). Twenty ^1 of partially purified 
swAPP substrate, diluted to 1.05 ^g swAPP/ml in Complete Assay Buffer, was \\m adds! to the corresponding wells 
and the reaction was aOowed to proceed in a humidified incubator at 37" C lor 24 hours. The reactions were assayed 
for level of P-MTF produced using the (3-NTF EUSA as described in Exantples 4 and 6. 

The activity based on p-NTF production remaining after irradiation of the frozen HEK2S3 membrane peltets 
was analyzed by target theory, yieldmg the molecular weight of the functional unit U., neutral pH activity. The 
probabiltty of particle collision with the target is described by the Poisson distribution: P(n) - (f*'x''ln!'1 where n is 
the number of primary Ionizations per molecule when x is the average number of coOisions (hits). Since the only 
biological activity which remains after radiation is from molecules which have not been hit. le. for which n • 0, P{0) - 
average number of hits is therefore given by x - where 0 is the radiation dose in rads (1 
red - 1 00 ergs energy absorbed/gm matter). A' is a constant related to the mass of the peptide and also containing 
conversion factors to change units from ergs per gram to hits per datton. The biological activity, Le., level of ^NTF 
generation, surviving after sample irradiation is expressed as a fraction of the activity in non radiated control samples. 
Since each hit in a biochemically active unit destroys that unit completely, the probability of no hits (obtained from the 
Poisson distribution) will also be the probability of surviving actnity. Therefore, if a number of frozen samples are 
irradiated with varying doses, the fractional surviving activity is therefore A/Aq - e'^^- temperature at which the 
samples were irradiated, -130* C, W - 1.792 x WTA. Based on this calculation the estimated molecular weight of 
the protein responsible for the neutral pH activity in the HEK293 cefl membrane complex b approximately 35.3 kOa. 
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Radiation inactivatian curves for the HEK293 membrane complex are shown in Figure 11 Panel B. The calculated 
moteculer weight of the neutral |»H active protein is signiftcantlv different from the predicted size of mature BACL 51 
kDa. devoid of secondary post-translational moififications (Vassal Bt s/, SciencB 265: 735 (1 999D 

Repeated experimenu produced sinilar values for the functional molecular weight of the neutral pH activity. 
Internal controls in these stutfies were proteins of known molecular weight inchiding ysast glucose-S-phosphate 
dehydrogenase (MW - 102,000; target size - 91,000) and alkaline phosphatase (MW - 57,337; target size - 
57.495). Each control sample yiaided the predicted molecular weight 

To further demonstrate the molecular weight difference between mature BACE and the neutral pH active 
protein, irradiation inactivation experiments were performed under conditions which should identify BACE. HEK293 
ceil membrane extracts were prepared and irradiated as described above. The survhrmg activity pres^ in the samples 
was assayed at pH 5.3 using the method of Sinha et af, yifarare 402: 537 [1999]) which employs e semi-synthelic 
suhstrate. This semi-synthetic substrate is a chimeric protein comprised of the maltose binding protein linked to the C- 
terminal 125 amino acids of pAPP (MBP-APPcl25sw). The generation of the (l-NTF equivalent product was 
measured in the treated versus control samples using an EUSA identical to that described by Sinha et af Ubiifi, Based 
on irradiation inactivation calculations, the molecular weight of the pK5.3 acthrity was calculated to be 57.9 kDa 
which is consistent with the molecular weight of BACE determined by amino acid sequence. These data are shown in 
Figure 1 1 Panel A. 

The functional target size was determined in human brain samples using identical methodology. The neutral 
pH target size was found to be approximately 23.2 kDa as shown in Figure 12 Panel A. The target size for samples 
assayed under conditions for BACE fpH 5.3 using the semi-synthetic substrate MBP-APPcl25sw) resulted in a 
molecular weight of 60.0 kDa as shown in Figure 12 Panel B. From the human bram analysis, it is apparent that the 
neutral pH actirity has a different molecular weight from BACE and is substantially unique. 

While the present invention has been described with reference to the specific embodiments thereof, it should 
be understood by those skilled in the ert that various changes may be made and equhralems may be substituted 
without departing from the true spirit and scope of the invention. In addhion, many modifications may be made to 
adapt a particular situation, material, composition of matter, process, process step or steps, to the objective, spirit end 
scope of the present invention. All such modifications are intended to be within the scope of the claims eppended 
hereto. 
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WHAT IS CLAIMED IS : 

1. A method of iitentHying a cofnpound capable of altering p>$ecretase acthnty. comprising the 

steps of: 

contacting a ^secretase eiZTina having a pH optimum at about pH 6.5-7.0, and an estimated molscutar 
weight of about 32-39 kOa as calculated horn radiation inactivation analysis of HEK293 cell membrane extracts, or 
about 20-26 IcDa as calculated from ratfiatnn inactivation analysis of human brain samples, with a candidate 
compound; and 

monitoring the effect of the candidate compound on the acthrity of said p-secretase enzyme. 

Z The method of claim 1 wherein said p-secratase enzyme is contacted with said candidate 

compound in the presence of a p-amyloid precursor protein (APP). 

3. The method of claim 2 wherein said APP is human. 

4. The method of claim 3 wherein said APP is the 695-amino add tsotype. 

5. The method of daim 3 wherein said APP contains the Swedish mutation. 

6. The method of claim 1 wherein said p-secretase enzyme b in isolated fomt 

7. The method of daim 1 wherein said [3-secretase efizyme is in immobBized or cell bound 

form. 

8. The method of claim 1 wherein said P-secretase enzyme is contacted with a plurafiiy of 
candidate compounds. 

9. The method of claim 2 wherein the ability of said candidate compound to alter p-secretase 
activity is monitored by determining the amount of an APP proteolytic product. 

1 0. The method of claim 9 wherein said APP proteolytic product is pNTF. 



1 1. The method of claim 2 wherein said p-secretase enzyme is contacted with said candidate 

compound rn the additional presence of a further p-secretase enzyme having a pH optimum at about pH 4.5-5.0 and an 
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BStimated motecular weight of about 50-60 kOa as calculated from radiaiion inactivation analysts of HEK293 ceQ 
membrane extracts or human brain samples. 



]Z The method of claim 1 wherein said camfidata compound inhibits |3-secretase activity. 

13. The method of claim 11 wherein said candidate compound preferentially inhibits the 
activity of tin p-secretase eniyme having a pH optimum at about pH 6.5-7.D. 

14. A method of identifying a compound characterized by en ability to aher APP/jVseaetase 



ect'nrity, said method comprising the st^ oh 

contacting an APPjp-secretase mixture, isolated from membranes obtained from celts expressing APP 
and a p-secretase, with a candidate compound; and 

monitoring the effect of the candidate compound on p-secretase acthrity* 
wherein said APP/p-secretase mixture comprises e first p-secretasa enzyme having a pH optimum at about pH 6.S-7.0. 

15. The method of dain 14 wherein said first p-secretase enzyme has an estvnated molecular 
weight of about 32-39 kOa as calculated from radiation tnactivatton an^sts of HEK293 cell membrane extracts. 

16. The method of claim 14 wherein said lirst p-secretase enzyme has an estimated motecular 
weight of about 20-26 kDa as calculated from radiation inactivation analysis of fuenan brain samples. 

17. The method of daim 14 funher comprising a second p-secretase enzyme having a pH 
optimum at about pH 4.5-5.0. 

18. The method of claim 14 wherein said second p-secretase enzyme has an estimated 
molecular weight of about 50-60 kOa as calculated from radiation inactivation analysis of HEK293 cell membrane 
extracts or human brain samples. 

19. The method of daim 14 wherein said camfidate compound is characterized by the abifity to 
inhibit p-secretase acthrfty. 

20. The method of daim 19 wherein seid candidate compound preferentielly inhibits the 
activity of said first p-secretese enzyme. 
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21. The method of daim 19 wherein said candidate compound prelerentiilty inb^its the 
ectivrty of said second p-secretase enzyme. 

22. The method o1 daim 14 wherein the effect of the candidate compound on p-secretase 
ictivttv is monitored by determining levels of APP proteolytic products. 

23. The method of daim 22 wherein background levels of APP proteotytic products have been 
removed prior to contact with the candidate compound. 

24. The method of daim 14, wherein the levels of APP protwtytic products are determined 
using en antibody that recognizes a p-secretase-produced APP proteolytic product 

25. The method of daim 24 wherein the smifaody selectively recognizes p-ffT?. 

26. The method of claim 25 wherein the antibody is pAb AF-2Q. 

27. The method of claim 22 wherein before addition of the test compound, the APP/p-secretase 
mixture is exposed to an agent that alters P-secretase acthrity or stabilizes the detectable p-senetase-produced APP 
proteolytic products. 

28. The method of claim 27 wherein said agent enhances the levet of p-secretase activity. 

29. The method of claim 28 wherein said agent is selected from the group consisting of 
car(fiofipin, L-a-phosphatidylserine and iKz-phosphatidylinositol 

30. A nuthod of identifying a compound characterized by the ability to alter APP p-secretase 
activity, said method comprising the steps of: 

providing membranes from celts expressing APP and a P-secretase: 

removing background levels of APP p-secretase proteolytic products from said membranes; 

isolating APP/p-secretase matures from said membranes: 

contacting the APP/p-secretasa mixtures with a compound: and 

determining levels of APP p-secretase proteolytic products; 
wherein said APP/p-secretase mixture comprises a first p-secretase enzyme having a pH optimum at about pH 6.5-7.0. 
and the level of APP proteolytic products is indicative of the effect of the compound on in mo p-secretase activity. 
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31. The method of daim 30 wherein said first p-secretase enzyme has an estimated molecular 
weight of about 32-39 kOa as calculated from radiation inactivation arulysis ot HEK293 cell membrane enracts. 

32. The method of ctaim 30 wherein said first P-secretase enzyme has an estimated molecular 
weight of about 20-26 kOa as calculated from radiation inactraation analysis of human brain samples. 

33. The method of claim 30 further comprising a second p-sacretasa enzyma having a pH 
optimum at about pN 4.5-5.0. 

34. The method of claim 33 wherein said second p-secratasa enzyme has an estimated 
molecular weight of about 50-60 kOa as calculated from radiation inactivation analysis of HEK293 cell membrane 
extracts or human brain samples. 

35. The method oi claim 30 wherein said candidate compound is characterized by the abifity to 
inhibit p>secreiase activity. 

36. Tha method of claim 35 vtrherein said candidate compound preferentially inhibiu the 
activity of said first p-secretase enzyme. 

37. The method of claim 35 wherein said candidate compound preferentially inhibits the 
acthrity of said second [3-secretase enzyme. 

38. The method of claim 30, wherein the effect of said candidate compound is determined by 
comparing the effect with control APP/p-secratase mixture not in contact vnth the compound. 

39. The method of claim 30, further comprising: 
treating the APP/p-secretase mixture to alter p-secretase activtty. 

40. The method of claim 39, wherein the APP/p-secretase mixture is treated with a compound 
that increases p-secretase activrty. 

41. The method of claim 40. wherein the compound that increases p-secretase acthrity is a 

phospholipid. 
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42. l\a method of claim 41 wherein the phospholipid is selected from the group consisting of 
canttolipin. L-a-phosphatidyberine and L-a-phosphatidrltnositoL 

43. The method of claim 30, further comprising: 

treating the APP/^-secretase mixture with a compound that enhaicss p-NTT stability. 

44. A method for reducing p-amyloid plaque formation tn a subject comprising administering a 
compound determined to inhibit fVsecretase acthrity in the method of claim 1 in an amount sufficient to reduce in fi¥v 
APP p-sscretase activity. 

45. The method of claim 44, wherein said inhiblthin results in reduced release of p-amyidd 
peptide in brain tissue. 

46. The method of claim 44 wherein said inhibition results in decreased levels of N-term'mal 
proteolysis of APP. 

47. The method of daim 44 wherein the P>secrelase activity is between 3% and 80% below 

normal 

48. The method of claim 45 wherein the p-amyloid rdease levels are 20-80% of normal. 

49. The method of claim 44 wherein said compound preferentially Inhibits the activity of a p- 
secretase enzyme having a pH optimum at about pH 6.57.0. 

50. The method of claim 44 wherein said candidate compound preferentially inhibits the 
activity of a p-secretase enzyme having a pH optimum at about pH 4.5-5.0. 

51. As isolated p-secretase enzyme having a pH optimum at about pH 6.5-7.0, and an 
estimated molecular weight of about 32-39 kOa as calculated from radiation inactivation analysis of HEK293 cell 
membrane extracts, or about 20-26 kOa as calculated from radiation inactivation analysis of human brain samples. 



5Z An APP/p-secretase mixture comprising a p-secretase enzyme having a pK optimum at 

abom.pH 6.5-7.0, and an estimated molecular weight of about 32-39 kOa as calculated from radiation inactivation 
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analyus of HEK293 ceB membrane extracts, or about 20-26 kDa as calculated from radiation tnactivation analysis of 
human brain samples. 

53. The mixture of claim 52 further comprising a p-secrstasa enzyme having a pH optimum at 
about pH 4.5*5J) and an estimated molecular weight of about 50-60 kOa as calculated from radiation tnactivation 
analysis of HEK293 cell membrane extracts or human brain samples. 

54. An inhibitor of p-secretase enzyme activity identified by any of the methods of daims 1.14 

and 30. 

55. The inhibitor of daim 53 preferentially tnhOiiting the activity of e p-secretase enzyme 
having a pH optimum at about pH 6.5-7.0. 

56. The inhibitor of daim 53 preferentially inhibiting the activity of a p-secretase enzyme 
having a pH optbnum at about pH 4.5-5.0. 
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FIGURE 1 1/13 




wo 00/69262 



PCT/USOO/13074 



FIGURE 2 

2/13 



_ CM 




osi^ ao 



wo 00/69262 



PCT/USOO/13074 



3/13 



FIGURE 3 
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FIGURE 4B 
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FIGURES 6/13 
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FIGURE 6A 
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pH profile of P •secretase activity in 
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Radiation inactivation Curves of Proposed Distinct p -Secretase 
Enzymes Found in HEK-293 Detergent Extracts 

(A) BACE-like protein using MBP-APPc125sw as substrate at pH = 5.3 
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(B) "Sctos p -Secretase" using swAPP as substrate at pH = 7.0 
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Molecular Weight Detenntnation of Human Brain 
P -Secretas Activities Using Radiation Inactivation 



A. Native Substrate Assay: 
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B. MBP-APPc12Ssw Assay: 
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